The diversity and antifungal resistance of yeasts able to grow at 378C and the occurrence of bacterial indicators of water quality were studied in three lakes in Southeastern Brazil.
INTRODUCTION
Yeast communities in aquatic environments are highly diverse, and many species may behave as opportunistic pathogens (Hagler & Ahearn 1987) . Yeasts such as Candida tropicalis, C. parapsilosis, C. krusei, C. guilliermondii and C. glabrata, often isolated from water environments, have been frequently reported as etiological agents of candidiasis (Pfaller et al. 2003) . Studies on freshwater yeasts have been focused mostly on the application of these microorganisms as organic pollution indicators (Hagler 2006; Nagahama 2006) . Some studies have shown a correlation between the occurrence of yeasts in aquatic environments and the presence of fecal pollution indicators (Arvanitidou et al. 2002 (Arvanitidou et al. , 2005 de Almeida 2005; Hagler 2006; Medeiros et al. 2008) . Yeasts could be used as indicators of sewage contamination and recreational water quality as a complement to the coliform counts currently used as indicators of recent fecal pollution (Hagler 2006) . Selective methods have been suggested for the isolation of human-associated yeasts, based mainly on incubation at 378C (Buck 1975; Buck et al. 1977; Hagler et al. 1986; Hagler 2006) . However, few studies have attempted to correlate the occurrence of yeast species able to grow at 378C in freshwater environments with fecal contamination. Yeast populations respond quickly to organic contamination, and some species could be used as indicators of nutrient enrichment in aquatic environments.
Many opportunistic yeast species are resistant to a great variety of antifungal drugs. Medeiros et al. (2008) reported the occurrence of several yeast species from aquatic environments that showed resistance to antifungal drugs. Yeasts resistant to these drugs could indicate a health risk for the people who use these waters for recreation.
The primary aim of this study was to evaluate the microbiological water quality of three freshwater lakes in Southeastern Brazil in relation to the population levels of yeasts grown at 378C, as well as Escherichia coli, Enterococcus spp., Pseudomonas aeruginosa and heterotrophic bacteria. Additionally, we aimed to correlate the yeast counts with the numbers of indicator bacteria of water quality, and to investigate the resistance of yeast species to three antifungal drugs.
MATERIAL AND METHODS

Study area
The samples were collected in three lakes in the paleokarstic region of the Lagoa Santa plateau in the state of Minas Gerais in Southeastern Brazil (Figure 1 ). This region is one of the most important carbonate karstic landscapes of Brazil and has great archeological, ecological and tourist potential (Berbet-Born 2000) . Lagoa Santa is a paleo-karstic urban lake and is located in center of Lagoa Santa city (19838 0 S, 43853 0 W). This lake suffers from poor sanitation and eutrophication due to anthropogenic activities, with drastic alterations of the original biota previously recorded (Barbosa et al. 1993) . The lake of Sumidouro is located in an environmental protection area (APA Karst Lagoa Santa; 19832 0 S, 43847 0 W). However, anthropogenic activities such as the construction of houses, tourism, recreational activities and animal farming have affected the environmental quality of this lake during the last 10 years. The Olhos D'Á gua Lake is considered to be a paleokarstic lake and is situated in a peri-urban area within the APA of Karst Lagoa Santa. This lake also suffers from different anthropogenic impacts, e.g., growing urbanization and increasing siltation. On the Lagoa Santa plateau, the dry season occurs from May to September and the rainy season from October to April (Madeira & Fernandes 1999) .
Sample collection
Using sterile bottles, subsurface water samples from three different points in the littoral zone of each lake were collected monthly, from September 2005 to August 2006.
The samples were stored on ice and transported to the laboratory within 8 hours for processing.
Bacteria of sanitary interest
The densities of E. coli, Enterococcus spp. and P. aeruginosa were determined by the standard multipletube technique (Eaton et al. 2005) . Escherichia coli was enumerated using lauryl tryptose broth (Difco, USA) for the presumptive phase, and EC MUG broth (Difco) incubated at 44.5^0.28C for the confirmatory phase.
For the enumeration of P. aeruginosa, asparagine and acetamide broths were used. Chromocult Enterococci broth (Merck, Germany) was used for enumeration of Enterococcus spp. The results were expressed as the most probable number per 100 ml of water samples (MPN/ 100 ml). The counts of heterotrophic bacteria were performed using the pour plate method in NWRI agar (peptone 0.3%, soluble casein 0.05%, K 2 HPO 4 0.02%, MgSO 4 0.005%, FeCl 3 0.0001% and agar 1.5%) after 48 h of incubation at 378C (Eaton et al. 2005) .
Yeast isolation and identification
Yeast quantification was done by the multiple-tube fermentation technique described for members of the coliform group (Eaton et al. 2005) with modifications. Volumes of 10, 1 and 0.1 ml of water samples were inoculated in three series of five tubes each of Sabouraud broth (glucose 2%, peptone 1%, yeast extract 0.5% and chloramphenicol 0.02%) that contained small inverted tubes (Durham tubes) to collect any gas that may be produced. The 10-ml volumes of water were inoculated in five tubes with double the concentration of Sabouraud broth, whereas the sample volumes of 1 and 0.1 ml of water were inoculated in two sets of five tubes of regular Sabouraud broth. The tubes were incubated at 378C for 5 days. After this time, the tubes with microbial growth and/or gas were considered putatively positive for yeast presence, and a loopful of each was streaked on plates with Sabouraud agar containing 0.02% chloramphenicol. The plates were incubated at 378C for 5 days and the MPN of yeasts able to grow at 378C was determined from plates on which yeast growth was confirmed. Each yeast morphotype was isolated, purified and maintained at 2 808C for later identification.
Yeasts were characterized by standard methods (Yarrow 1998) . The identifications followed the taxonomic keys of Kurtzman & Fell (1998) . The PCR fingerprint technique using the primer EI1 (5 0 -CTGGCTTGGTGTATGT-3 0 ) (2002).
Statistical analysis
Correlations between yeast counts and bacteria of sanitary interest (E. coli, P. aeruginosa and Enterococcus spp.) were examined by linear regression using Spearman's correlation coefficients (Zar 1996) with the Statistica 6.0 program. In Lagoa Santa Lake, the MPNs of yeasts ranged from , 1.8 MPN/100 ml to 920 MPN/100 ml (Table 1 ).
RESULTS AND DISCUSSION
The highest yeast counts were found in Olhos D'Á gua Lake, mainly in the rainy season. The highest counts of bacteria of sanitary interest and yeasts were found in the urban lakes in the rainy season, suggesting the introduction of allochthonous organic matter by run-off and human wastes to these aquatic environments.
Correlation between yeasts and indicator microorganisms of water quality
The yeast counts detected after incubation at 378C using the multiple-tube fermentation technique showed a positive correlation only with the counts of E. coli ( p , 0.05).
Previously, de Almeida (2005) found a positive correlation between the counts of yeasts detected after incubation at 378C and the occurrence of E. coli in the Tagus estuary in
Portugal. These authors also found that C. parapsilosis was one of the most frequent yeast species, with high counts during autumn, when fecal pollution was abundant. 
Yeast identification
A total of 206 yeast isolates were obtained and identified as belonging to nine genera and 33 species (Table 2 ). An incubation temperature of 378C was selective for opportunistic yeast pathogens, which were obtained in high numbers in our work. Candida krusei, C. guilliermondii, K. apis and C. tropicalis were the yeast species most frequently isolated. These species are often reported in aquatic environments with high levels of organic matter from industrial and domestic waste (Hagler 2006; Nagahama 2006; Vogel et al. 2007; Medeiros et al. 2008) . Except for K. apis, these yeasts have traditionally been associated with the intestinal tract of warm-blooded animals and it was suggested that they could be used as fecal pollution indicators (de Almeida 2005; Hagler 2006 ). Other yeast species were isolated in low counts, mainly during the rainy season, and are of terrestrial origin; these species probably reflect inputs from sources such as soil and plant debris.
The isolation of certain yeast species from these lakes is noteworthy. Two isolates of Trichosporon coremiiforme were obtained from Olhos D'Á gua Lake. This species has been associated with summer-type hypersensitivity pneumonitis, subcutaneous abscesses and urinary tract infections (Sugita et al. 2004; Rodriguez-Tudela et al. 2005) . The most likely origins of this yeast in the water samples are waste effluents discharged into the lake. Saccharomyces cerevisiae was found in the urban lakes Olhos D'Á gua and Lagoa Santa. Since S. cerevisiae strains are not common in aquatic habitats (Slaviková & Vadkertiová 1997a,b; Hagler 2006) , its occurrence in these lakes could indicate contamination of the water with bakery effluents.
Antifungal drug susceptibility
Of the 175 yeast isolates, 66 were resistant to at least one antifungal drug tested (Table 3 ). The numbers of yeasts resistant to the antifungal drugs were relatively high, mainly Many authors have observed an increase in the number of non-albicans species in opportunistic fungal infections (Sandaven 1990; Saballs et al. 2000) . Ubiquitous fungi previously thought to be merely colonizers or contaminants-the so-called emerging fungal pathogens, some of which are resistant to all antifungal drugs available-are now known to cause invasive and life-threatening infections (Canuto & Rodero 2002) . In the present study, many Trichosporon infections are associated with a wide spectrum of clinical manifestations, ranging from superficial cutaneous involvement in immunocompetent individuals to severe systemic disease in immunocompromised patients (Walling et al. 1987) . One isolate of S. cerevisiae was resistant to amphotericin B and two were resistant to itraconazole. Recent reports about the involvement of S. cerevisiae in superficial and life-threatening systemic diseases (Munoz et al. 2005; de Llanos et al. 2006a,b) suggest that this yeast can be pathogenic under certain circumstances due to its ability to proliferate, persist and disseminate in the body and invade different organs (de Llanos et al. 2006a; Klingberg et al. 2008) . The presence of yeast species which are known to be involved in human mycoses and additionally display high resistance to the antifungal drugs tested here is a serious concern for the people who use these aquatic environments for recreational purposes.
CONCLUSION
Most of the yeast species isolated in our study are common in aquatic environments with high levels of organic matter and probably originated from terrestrial environments, such as soil and plant debris, and from waste contamination. We have found a positive correlation between yeast densities and the counts of a standard indicator (E. coli). This result suggests that yeasts may be also used as indicators, in addition to the fecal coliform group, of organic pollution in recreational waters. The high incidence of yeast species involved in human mycoses and resistant to the antifungal drugs tested shows that these microorganisms could pose a health risk to the people who use these lakes for recreation.
